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© Arrangement for reducing power consumption In a matrix display based on Image change 
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© A display arrangement includes a memory for 
storing image signals of one field supplied to an 
LCD display section, a comparator for determining 
whether the image signals of the next field to be 
supplied to the LCD display are those for a fixed 
image display or a changing image display by com- 
paring those image signals with the image signals of 
the preceding field stored in the memory, and a 
controller for controlling a display driver so that, 
when the comparator determines that the image 
signals are for a fixed image display, the driver 
drives the LCD panel in a reduced-power drive 
mode. In one embodiment, the reduced-power drive 
mode is a spread-out mode and, in another embodi- 
ment, the reduced-power drive mode is a low-voit- 
age mode. 
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BACKGROUND OF THE INVENTION 

The present invention relates to display ar- 
rangements which are adaptable for various porta- 
ble devices, such as data-processing, communica- 
tion, video and game devices, and for devices such 
as wireless communication devices carried on 
ships and in motor cars. 

In conventional display devices used for laptop 
personal computers, for example, a liquid crystal 
display (LCD) panel of the thin-film transistor (TFT) 
active-matrix type in which pixels are arrayed in a 
matrix fashion, is used for a display section. The 
LCD panel is driven by a driving arrangement such 
as a source-gate driver while supplied with voltage 
from a battery so as to display an image. 

In conventional LCD panels, as shown in Fig. 6, 
an array containing signal electrodes 1, scan elec- 
trodes 2, TFTs 3 and pixel electrodes 4 is provided 
on one side of an insulating substrate (not shown) 
in the form of a matrix. A corresponding array of 
common electrodes 5 is formed on the other side 
of the insulating substrate, and a liquid crystal layer 
is interposed between the common electrodes 5 
and the pixel electrodes 4. The pixel electrodes are 
selectively driven to display an image when appro- 
priate voltages are applied by line-sequential scan- 
ning of the signal electrodes 1 and the scan elec- 
trodes 2. 

When a scan voltage is applied to the scan 
electrodes 2 of the first line of pixels by a gate 
driver 6, the TFTs 3 of the first line connected to 
the scan electrode 2 are rendered conductive. In 
this state, the signal electrodes 1 are connected to 
the pixel electrodes 4 of the first line, and a signal 
voltage (i.e., an image signal) is applied to the pixel- 
electrodes 4 of. the first line from a source driver 7. 
By repeating this voltage application at horizontal 
scan intervals, the scan drive operates sequentially 
from the first line to all subsequent lines, and the 
display panel displays an image of one field. By 
repeating the voltage-applying operation to every 
field at vertical scan intervals, a complete image is 
reproduced. The polarity of the signal voltage ap- 
plied to the pixel electrodes 4 is inverted every line 
or every field so as not to cause a DC component 
to accumulate on the LCD panel. 

In this type of the display device, the necessity 
for a high duty cycle requires an increase in the 
LCD drive voltage. Accordingly, the voltage from 
the power source applied to the LCD panel is also 
set relatively high. As a result, the power con- 
sumed during the image displaying operation is 
increased. This increase in power consumption 
presents difficulties for devices of the type which 
must be operated by using a power source having 
a limited power capacity such as a battery. 



SUMMARY OF THE INVENTION 

Accordingly, it is. an. object of the present in- 
vention to provide a display arrangement which 
5 overcomes the disadvantages of the prior art. 

Another object of the invention is to provide a 
display arrangement which can operate with re- 
duced power consumption without substantial dete- 
rioration in the quality of the image displayed. 
10 These and other objects of the invention are 
attained by providing a display arrangement includ- 
ing a display section for visually presenting image 
signals, a power source for applying voltage to the 
display section, a driver for driving the display 
75 section, a memory for storing image signals to be 
supplied to the display section, a comparison unit 
for determining whether the image signals to be 
supplied to the display section are those for a 
constant image display or for a changing image 

20 display by comparing the image signals to be 
supplied to the display section with the image 
signals read out of the memory, and a control unit 
for controlling the driver so that, when the compari- 
son unit determines that the image signals to be 

25 supplied to the display section are those for a 
constant image display, the power requirements of 
the display arrangement are reduced. 

In a specific arrangement, the memory stores 
the image signals of one field to be supplied to the 

30 display section and the comparison unit compares 
the image signals of a field to be supplied to the 
display section with the image signals of the pre- 
ceding field read out of the memory. The display 
section is an LCD panel and the memory is a 

35 nonvolatile memory. 

When a changing image is displayed, the driv- 
er drives all of the image portions so as to repro- 
duce a clear and easy-to-see image. Lower visi- 
bility is required for the displayi of a constant im- 

40 , age. Since it is motionless, the after-image effect 
can be fully, utilized. For this reason, according to 
one embodiment of the invention, the application of 
drive signals to the display section may be spread 
out spatially or temporally down to the lower limit 

45 level of the drive required to maintain the image 
display or to such an extent as to be at a minimum 
display level. This drive mode will be referred to as 
a spread-out drive mode. The spread-out drive 
reduces the power consumed during the display 

so operation. 

According to another embodiment of the inven- 
tion, when a changing image is displayed, the 
display section is driven at a voltage sufficient to 
reproduce a clear and easy-torsee image. Such 

55 high visibility is not required for the display of a 
constant image since it is motionless. Accordingly, 
in this embodiment, the voltage applied to the 
display section for displaying a constant image is 
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the minimum voltage necessary to maintain the 
image display, which is lower than the voltage 
applied to the display section for displaying a 
changing image. This leads to reduction of the 
power consumed by the display device. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention 
will be apparent from a reading of the following w 
description in conjunction with the accompanying 
drawings, in which: 

Fig. 1 is a schematic block diagram showing a 
first representative embodiment of a display ar- 
rangement according to the present invention; 75 
Fig. 2 is a schematic flow diagram illustrating 
the steps involved in control of the display ar- 
rangement according to the first embodiment of 
the invention; 

Fig. 3 is a schematic diagram showing a display zo 
panel illustrating the arrangement of numbered 
lines and pixels in the display; 
Fig. 4 is a schematic block diagram showing a 
second representative embodiment of a display 
arrangement according to the present invention; 25 
Fig: 5 is a schematic flow diagram illustrating 
the steps involved in controlling the power 
source according to the second embodiment of 
the invention; and 

Fig. 6 is a schematic circuit diagram showing a 30 
conventional drive circuit for driving an LCD 
display panel. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

35 

Typical embodiments of the present invention 
in the form of a display arrangement for a personal 
computer of which the display section is an LCD 
panel will be described with reference to the ac- 
companying drawings. In these embodiments, a 40 
changing image is displayed in a normal mode, 
while a constant image is displayed in a power- 
saving mode. In the first embodiment, the drive of 
the LCD panel is spread out spatially or temporally 
down to the lower limit of the drive level required to 45 
maintain the image display utilizing the after-image 
effect. This drive control function may be added to 
any display arrangement so that the display ar- 
rangement of the invention is useful for any type of 
signal-processing and/or communication device. 50 

As shown in Fig. 3, an LCD panel 8 of the TFT 
active-matrix type contains a number of pixels (480 
x 640 pixels in this embodiment) arrayed in a 
matrix fashion. The output from a driver 9, shown 
in Fig. 1, sequentially drives the LCD panel 8 in 55 
response to timing signals received from a control 
unit 1 0, thereby displaying an image. The driver 9 
includes a aate driver for seauentiallv salertinn a 



scanning line or lines from among the first to the 
480th line and a source driver for applying image 
signals to the pixels, i.e., 640 pixels, on the scan- 
ning lines selected by the gate driver. 

A CPU 11, contained in a personal computer, 
controls the display of images by the LCD panel 8. 
The image display operation in the LCD panel 8 is 
controlled by controlling timing signals provided by 
the control unit 10 in accordance with key opera- 
tion of the computer keyboard. A storage controller 
12 receives image signals supplied from the per- 
sonal computer to the LCD panel 8 and stores 
them in a memory 13. The memory 13 is a non- 
volatile memory of the type not requiring any spe- 
cial battery back-up, such as an EEPROM or a 
FRAM, and is capable of storing one field of image 
signals supplied to the LCD panel 8. 

A comparator 14 receives both the image sig- 
nals which are being supplied to the LCD panel 8 
and the image signals of the preceding field, which 
are read out of the memory 13, and compares the 
image signals of the present and preceding fields 
to determine whether or not the image signals of 
the present field are those for a changing image 
display such as a screen scroll or those for a 
constant image display. When the image signals of 
the present field are approximately the same as 
those of the preceding field, the comparator 14 
determines the image signals of the present field to 
be those for a constant image display. 

Preferably, the comparator 14 determines the 
image signals to be those for a constant image 
display if more than 50% of the image signals of 
one field coincide with those of the previous field. 
In this case, when the image signals of the present 
field are different from those of the preceding field 
by at least 50%, the comparator 1 4 determines the 
image signals of the present field to be those for a 
changing image display. 

A controller 15 controls the driver 9 which 
drives the LCD panel 8 in accordance with the 
result of the determination made by the comparator 
14. When the comparator 14 determines that the 
image signals of the present field are those for a 
constant image display, the controller 15 controls 
the driver 9 so that it drives the LCD panel 8 in a 
spread-out drive mode. In the spread-out drive 
mode, the drive of the LCD panel 8 is spread out 
by applying fewer pixel signals or fewer line signals 
or fewer field signals per unit area or per unit time, 
for example, only every other signal, to such an 
extent that the display panel is kept at a bare 
minimum display level by the persistence or after- 
image effect. In this case, there is a danger that a 
DC component could be applied to the LCD panel 
8 as the result of the spread-out drive mode. To 
avoid this, portions of the image to which the 

^nrfiflfl-ni rt Hrlwa cinnalc are smnliAH ara chiffaH 
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every pixel, line or field in this embodiment. 

When image signals for a changing image are 
applied to the display arrangement described 
above, the image signals for the present field are 
different from the image signals for the preceding 
field which are read out of the memory 13. That is, 
the image signals are changed every field. In this 
state, the comparator 14 determines that the image 
signals of the present field are those for the chang- 
ing image display as a result of the comparison 
and the LCD panel 8 is driven in a normal mode by 
the controller 15 so as to obtain the normal display 
of a changing image. More specifically, all scan- 
ning lines are sequentially selected at the normal 
rate from the first line to the 480th line and image 
signals are applied at the normal rate to all 640 
pixels on each of the lines in sequence. This, se- 
quence of the line-select and the image signal 
application is repeated every field. The result is to 
reproduce a clear image. 

When image signals for a constant image are 
supplied to the display device, the image signals of 
the present field supplied from the driver 9 to the 
LCD panel 8 are the same as those of the preced- 
ing field read out of the memory 13. In this case, 
the comparator 14 determines that the image sig- 
nals of the present field are for a constant image 
display and the controller 15 spreads out the drive 
of the LCD panel 8 as described above to such an 
extent, as to be at a bare display level. Accordingly, 
the power consumption is correspondingly re- 
duced. 

Fig. 2 illustrates a representative drive control 
according to the invention in the form of a flow 
diagram showing a series of steps 5-50 which are 
carried out. ft is assumed that, as shown in Fig. 3. 
Ym represents a given line number in the vertical 
(Y) direction on the LCD panel 8 consisting of 480 
x 640 pixels and Xn represents a given pixel num- 
ber on the line in the horizontal (X) direction, and 
further that, in Step 5 in Fig. 2, the image signals of 
the (i-1)th field are displayed on the LCD panel 8. 
In Step 10, the image signals of the (i-1)th field are 
stored in the memory 13. Before the image signals 
of the (i)th field are displayed on the LCD panel 8 
in Step 20, the image signals of the (i)th field are 
compared in Step 15 with the image signals of the 
{i-1)th field which were stored in the memory 13 in 
Step 10. 

If the . image signals of the (i)th field are dif- 
ferent from the image signals of the 0-1 )th field, for 
example, the image signals X(i-1)n and Y(i-l)m of 
the (i-1)th field are at least 50% different from the 
image signals X(i)n and Y(i)m of the (i)th field, the 
image signals are determined to be those for a 
changing image display. As. a result, Step 45 is 
carried out to drive the LCD panel 8 in a normal 
manner. The image signals of the (i)th field are 



displayed in Step 20. If the image signals of the (i)- 
th field are the same as the image signals of the (i- 
1)th field, i.e., less than 50% different, the image 
signals are determined to be for the constant, im- 
5 age display. Consequently, Step 50 is executed to 
drive the LCD panel 8 in a spread-out drive mode, 
and Step 20 is then executed to display the image 
signals of the (i)th field. 

In Step 25, the image signals of the (i)th field 
to are stored in the memory 13, Subsequently, a 
similar sequence of procedural operations is re-: 
peated. Before the image signals of the (i + 1)th 
field are displayed on the LCD panel 8 in Step 35, 
the image signals of the (i + 1)th field are compared 
75 with the image signals of the (i)th field which were 
stored in the memory 13 in Step 25. Either Step 45 
or Step 50 is selected and executed in accordance 
with the result of that comparison. In Step 40, the 
image signals of the (i + 1)th field are stored in the 
20 memory 13 as in the previous case. 

While TFTs are used in the LCD panel in the 
above-mentioned embodiment,. STSs may be used 
instead. In this case, the LCD panel is driven by a 
segment driver and a common driver. : Also, the 
25 display section may be constructed with a display 
device other than an LCD panel, such as a cath- 
ode-ray tube, light-emitting diodes . or a plasma 
display. In any case, the power consumption can 
be reduced by driving the display section in a 
30 spread-out drive mode during the display of a 
constant image. 

In the display arrangement of the invention as 
described above, when a changing image is dis- 
played, an LCD panel is driven so as to display an 
35 image normally.. When a constant image is dis- 
played, the LCD display panel" is driven in a 
spread-out drive mode, thereby saving electric 
power. Thus, the display arrangement of the inven- . 
tion can display a quality image with reduced pow- 
40 &r consumption. . 

In the power-saving mode of the second em- 
bodiment, shown in Fig. 4, the LCD panel is driven 
at the minimum voltage necessary to maintain the 
constant image .display, which is lower, than the 
45 voltage for displaying a changing image. This pow- 
er control function may be added to any display 
device, so that the display arrangement of the 
invention is useful for any type of signal-processing 
and/or communications device, 
so As shown in Fig. 4, an LCD panel 108 of the 

TFT active-matrix type shown in Fig. 3 contains a 
number of pixels (480 x 640 pixels in this embodi- 
ment) arrayed in a matrix fashion. The output from 
a driver 109 sequentially drives the LCD panel 108 
55 in response to timing signals received from a con- 
trol unit 110, thereby displaying an image. The 
driver 109 includes a gate driver for sequentially 
selecting a scanning line or lines from among the 
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first to the 480th line and a source driver for 
applying image signals to the pixels, i.e., 640 pix- 
els, on the scanning lines selected by the gate 
driver. 

A CPU 111, contained in a personal computer, 5 
controls the display of images by the LCD panel 
108. The image display operation in the LCD panel 
108 is controlled by controlling timing signals pro- 
vided by the control unit 110 in accordance with 
key operation of the computer keyboard. A panel 10 
power source 112 supplies electric power to the 
LCD panel 108 and the driver 109 for image dis- 
play purposes. A controller 1 1 3 receives the image 
signals supplied from the personal computer to the 
LCD panel 108 and stores them in a memory 114. 75 
The memory 114 is a nonvolatile memory of the 
type not requiring any special battery back-up, 
such as an EEPROM or a FRAM, and is capable of 
storing one field of image signals supplied to the 
LCD panel 108. 20 

A comparator 115 receives both the image 
signals which are being supplied to the LCD panel 
108 and the image signals of the preceding field, 
which are read out of the memory 114, and com- 
pares the image signals of the present and preced- 25 
ing fields to determine whether or not the image 
signals of the present field are those for a changing 
image display such as a screen scroll or those for 
a constant image display. When the image signals 
of the present field are approximately the same as 30 
those of the preceding field, for example, not more 
than 50% of the pixel signals have been changed, 
the comparator 115 determines the image signals 
of the present field to be those for a constant 
image display. When the image signals of the 35 
present field are different from those of the preced- 
ing field by at least 50%, for example, the com- 
parator 115 determines the image signals of the 
present field to be those for a changing image 
display. A controller 16 controls the panel power 40 
source 112 in accordance with the result of the 
determination made by the comparator 115. The 
controller 116 controls the panel power source 112 
so that, when the comparator 1 1 5 determines that 
the image signals of the present field are those of a 45 
fixed image display, the controller 1 1 6 reduces the 
power voltage applied from the panel power source 
112 to the LCD panel 108 to the minimum voltage 
necessary for maintaining the image display. 

When the image signals for a changing image 50 
are applied to the display arrangement described 
above, the image signals for the present field are 
different from the image signals for the preceding 
field which are read out of the memory 114. That 
is, the image signals are changed every field. In 55 
this state, the comparator 115 determines that the 
image signals of the present field are those for a 
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son, and the LCD panel 108 is driven at a high 
voltage by the controller 116 so as to obtain the 
normal display of a changing image so that a clear 
image is reproduced. 

When image signals for a constant image are 
supplied to the display device, the image signals of 
the present fteld supplied from the driver 1 09 to the 
LCD panel 108 are approximately the same as 
those of the preceding field read out of the mem- 
ory 114. In this case, the comparator 115 deter- 
mines that the image signals of the present field 
are for a constant image display and the controller 
116 reduces the voltage applied from the panel 
power source 112 to the LCD panel 108 to the 
minimum voltage necessary for maintaining the im- 
age display. Accordingly, the power consumption is 
correspondingly reduced. 

Fig. 5 illustrates a representative power source 
control according to the second embodiment of the 
invention in a. flow diagram showing a series of 
steps 5'-50' which are carried out. It is assumed 
that, as shown in Fig. 3, Ym represents a given line 
number in the vertical (Y) direction on the LCD 
panel 8 consisting of 480 x 640 pixels and Xn 
represents a given pixel number on the line in the 
horizontal (X) direction, and further that, in Step 5* 
in Fig. 5, the image signals of the (i-1)th field are 
displayed on the LCD panel 108. In Step 10', the 
image signals of the (i-1)th field are stored in the 
memory 114. Before the image signals of the (i)th 
field are displayed on the LCD panel 108 in Step 
20', the image signals of the (i)th field are com- 
pared in Step 15' with the image signals of the (i- 
l)th field which were stored in the memory 114 in 
Step 10'. 

If the image signals of the (i)th field are dif- 
ferent from the image signals of the (i-1)th field, for 
example, the image signals X(i-1)n and Y(i-l)m of 
the (i-1)th field are different by at least 50% from 
the image signals X(i)n and Y(i)m of the (i)th field, 
the image signals in question are determined to be 
those for a changing image display. As a result, 
Step 45' is carried out to drive the LCD panel 1 08 
in a normal manner. The image signals of the (i)th 
field are displayed in Step 20'. If the image signals 
of the (i)th field are approximately the same as the 
image signals of the {i-1 )th field, i.e., no more than 
50% different, the image signals are determined to 
be for the constant image display. Consequently, 
Step 50' is executed to drive the LCD panel 108 in 
a low-voltage drive mode, and Step 20' is then 
executed to display the image signals of the {i)th 
field. 

In Step 25', the image signals of the (i)th field 
are stored in the memory 114. Subsequently, a 
similar sequence of procedural operations is re- 
peated. Before the image signals of the (i + 1)th 
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35', the image signals of the (i + 1)ih field are 
compared with the image signals of the (i)th field 
which were stored in the memory 114 in Step 25*. 
Either Step 45' or Step 50' is selected and ex- 
ecuted in accordance with the result of that com- s 
parison. In Step 40', the image signals of the (i + 1)- 
th field are stored in the memory 114 as in the 
previous case. 

While TFTs are used in the LCD panel in the 
above-mentioned embodiment, STSs may be used w 
instead. In this case, the LCD panel is driven by a 
segment driver and a common driver. Also, in the . 
second embodiment, the panel power source is 
used for supplying power to the LCD panel. Alter- 
natively, a system power source for the controllers rs 
may be used for supplying the electric power to 
the LCD panel. ..In ^.this^case,- the system power 
source is controlled to decrease the power sup- 
plied for the constant image display. A cathode-ray 
tube may also be used for the display section. In 20 
this case, the voltage applied to the cathode of the 
cathode-ray tube is decreased when a constant 
image is displayed. 

In the display arrangement of the invention as 
described above, when a changing image is dis- 25 
played, a normal voltage is applied to the LCD 
panel, thereby securing a normal image display. 
When a constant image is displayed, a preset 
voltage which is lower , than the normal voltage is 
applied to the LCD panel, thereby saving electric 30 
power. Thus, the display arrangement of the inven- 
tion can display a quality image with reduced pow- 
er consumption. 

Although the invention has been described 
herein with reference to specific embodiments, 35 
many modifications and variations therein will read- 
ily occur to those skilled in the art. Accordingly, all 
such variations and modifications are included with- 
in the intended scope of the invention. 

A display arrangement includes a memory for 40 
storing image signals of one field supplied to an 
LCD display section, a comparator for determining 
whether the image signals of the next field to be 
supplied to the LCD display are those .for a fixed 
image display or a changing image display by 45 
comparing those image signals with the image 
signals of the preceding field stored in the mem- 
ory, and a controller for controlling a display driver 
so that, when the comparator determines that the 
image signals are for a fixed image display, the 50 
driver drives the LCD panel in a reduced-power 
drive mode, in one embodiment, the reduced-pow- 
er drive mode is a spread-out mode and, in another 
embodiment, the reduced-power drive mode is a 
low-voltage mode. 55 



Claims 

1. A display arrangement comprising: 

a display section for presenting visual im- 
ages; 

memory means for storing image signals 
supplied to the display section; 

comparison circuit means for determining 
whether the image signals supplied to the dis- 
play section are those for a constant image or 
for a changing image display by comparing the 
image signals to be supplied to the display 
section with the image signals read out of the 
memory means; 

drive circuit means for driving the, display 
device; and 

controUcircuit-means- responsive to the 
comparison circuit means for controlling drive 
means so that, when the comparison circuit 
means determines that the image signals to be 
supplied to the display section are for a con- 
stant image display, the drive circuit means 
drives the display section in, a reduced-power 
drive mode. 

2. A display arrangement according to Claim V 
wherein the reduced-power drive mode is a 
spread-out drive mode. 

3. A display arrangement according to Claim 1 
including a power source for supplying, power : 
source voltage to the display section and 
wherein the reduced-power mode is a mode in 
which the power source voltage supplied to the 
display section* is reduced to a level lower than - 
the- power- source voltage supplied" when" a',7 
changing image is displayed. 

4. A display arrangement according to Claim 1 in 
which the display section .comprises an LCD 
panel and the memory means comprises a 
nonvolatile memory. 

5. A. display arrangement according to Claim 1 
wherein the comparison circuit means deter- 
mines the image signals to be for a constant 
image if more than 50% of the compared 
image signals coincide with each other. 

6. A display arrangement comprising: 

a display section for presenting visual im- 
ages; 

memory means for storing image signals 
of a first field supplied to the display section; 

comparison circuit means for determining 
whether the image signals of a second field 
subsequently supplied to the display section 
are those for a constant image display or for a 
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changing image display by comparing the im- 
age signals of the second field with the image 
signals of the first field stored in the memory 
means; 

drive circuit means for driving the display 5 
section; and 

control circuit means responsive to the 
comparison circuit means for controlling the 
drive circuit means so that, when the compari- 
son circuit means determines that the image 10 
signals supplied to the display section are 
those for a fixed image display, the drive cir- 
cuit means drives the display section in a 
reduced-power drive mode. 

15 

7. A display arrangement according to Claim 6 
wherein the reduced-power drive mode is a 
spread-out drive mode. 

8. A display arrangement according to Claim 6 20 
including a power source for supplying power 
source voltage to the display section and 
wherein the reduced-power mode is a mode in 
which the power source voltage supplied to the 
display section is reduced to a level lower than 25 
the power source voltage supplied when a 
changing image is displayed. 

9. A display arrangement according to Claim 6 in 
which the display section comprises an LCD 30 
panel and the memory means comprises a 
nonvolatile memory. 

10. A display arrangement according to Claim 6 
wherein the comparison circuit means deter- 35 
mines the image signals to be for a constant 
image if more than 50% of the compared 
image signals coincide with each other. 
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